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I.  INTRODUCTION 


In  our  lab,  we  have  been  using  low  resolution  FTIR  absorption  spectroscopy  to 
measure  rotational  temperatures  of  gases  from  ambient  to  flame  temperatures  (300-2000  K) 
at  total  pressures  below  one  atmosphere.  By  low  resolution,  we  mean  spectra  obtained 
on  instruments  capable  of  achieving  an  optical  retardation  of  less  than  10  cm. 


In  order  to  obtain  temperatures  by  fitting  to  a  population  distribution  the  peak 
absorbances  of  a  group  of  rotational  lines  for  which  Av=  ±1,  it  is  necessary  to  correct  for 
distortions  to  peak  absorbances  brought  about  by  the  spectrometer.  This  distortion  varies 
from  line  to  line  because  of  the  dependence  of  the  peak  absorbances  on  the  half  width 
at  half  height  (HWHH)  of  the  absorbing  line.1  For  a  FTIR  spectrometer  using  triangular 
apodization  of  the  interferogram,  the  observed  minimum  transmittance,  Tm,  of  a  single 
pressure  broadened  line  m  with  a  Lorentzian  absorption  profile  is  given  by:2 


-2 


•303Ap 


a 


2 

/n 


(v-vm)  2+a 


2 

m 


Asin2  [nA  (v-v  )  ] 

- E — dv 

[it A  (v-vw)  ] 2 


(1) 


where 


Tm  =  Observed  minimum  transmittance 

=  Half  width  at  half  height  (HWHH)  of  line  m 
vm  =  Center  of  frequency  of  absorbance  of  line  m 
A  =  Optical  retardation 
Ap  =  True  peak  absorbance  of  line  m  at 

Equation  (1)  is  inconvenient  to  use  because  the  true  peak  absorbance,  Ap,  is  pan 
of  the  integrand.  A  simple  equation  relating  Ap,  Tm,  A,  and  am  has  been  given  by 
Griffiths:3 

Ap=0.9lA^3(2Aam)-2  (2) 


where  A^  =  -logTm.  This  equation  yields  a  good  approximation  to  true  peak 
absorbance  for  a  strong  absorbing  line  (A^^l)  being  measured  by  a  spectrometer 
whose  resolution  is  nominally  larger  by  an  order  of  magnitude  than  am;  i.e.,  when  the  true 
linewidth  is  such  that  the  reported  lineshape  is  just  the  instrument  lineshape. 

Much  of  our  work  involves  measuring  absorbances  under  the  conditions  outlined 
above.  However,  for  some  low  pressure  flame  work,  the  absorbances  are  very  weak. 
Therefore,  we  have  extended  the  approximation  given  in  Reference  3  to  include  weakly 
absorbing  lines  and  have  obtained  equations  of  the  form  of  Eq.  (2)  for  several  common 
values  of  optical  retardations.  It  should  be  emphasized  that  this  approximation  is  only 
useful  for  pressure  broadened  spectra  obtained  with  low  resolution  instruments  using 
triangular  apodization  of  the  interferogram. 
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H.  CALCULATIONS 


We  have  fit  input  parameters  and  the  result  of  the  numerical  integration  of  Eq.  (1) 
to  an  equation  of  the  form: 


Ap*kAe !baPn 


(3) 


where  k,  1 ,  and  n  are  constants  and  p  is  the  spectral  resolution  parameter1  and  is  equal 
to  the  ratio  of  the  spectrometer  resolution  (given  as  1/A)  to  twice  am.  The  integral  in  Eq. 
(1)  was  evaluated  numerically  for  all  combinations  of  optical  retardations  of  1,  2, 4, 8,  and 
10  cm  with  true  peak  absorbance*:  o?  0.1  to  10  (in  intervals  of  0.1)  with  absorbing  lines  for 
which  am  ranged  from  0.01  to  0.2  cm’1  (in  intervals  Oi  0.01  cm’1).  Equation  (3)  was 
linearized  and  a  weighted  linear  least  squares  routine  was  used  to  fit  the  data. 

The  integration  routine  assumed  that  vm  was  located  at  2000  cm’1  and  evaluated 
Eq.  (1)  using  Simpson’s4  rule  for  SO  cm'1  on  either  side  of  vm.  The  interval  to  be 
numerically  integrated  was  divided  into  10,000  pieces.  The  choice  of  value  as  the  center 
of  frequency  is  arbitrary,  as  may  be  verified  by  substituting  for  the  expression  v-vm  in  Eq. 
(1).  To  check  and  see  if  numerical  integration  gave  values  which  were  dependent  on  the 
center  of  frequency  in  Eq.  (1),  a  numerical  integration  for  a  range  of  centers  of  frequency 
from  500  to  3500  cm'1  showed  the  value  of  the  integral  to  be  independent  of  this  value  for 
the  number  pieces  used  in  the  integration. 

Applying  our  numerical  integration  routine  to  the  function  sin2x/x2  (which  is  similar 
in  behavior  to  Eq.  (1)  yet  has  an  analytical  solution)  using  similar  parameters  as  in  the 
numerical  integration  of  (1)  gave  results  within  0.001%  of  the  analytical  solution.  We 
believe  our  numerical  integration  of  Eq.  (1)  gives  results  of  similar  accuracy. 

m.  RESULTS 

Table  1  gives  values  of  k,  1 ,  and  n  which  provide  the  best  approximation  to  true 
peak  absorbance  from  observed  peak  absorbance  for  a  given  range  of  true  peak 
absorbances  for  a  known  linewidth  of  from  0.01  to  0.1  cm’1  and  a  given  spectrometer 
resolution.  The  value  obtained  for  Ap  using  Eq.  (3)  is  typically  within  10%  of  the  value 
input  into  Eq.  (1)  prior  to  numerical  integration.  In  general,  the  quality  of  the  fit  decreases 
as  the  range  of  Ap  increases.  The  quality  of  the  fit  is  improved  if  absorbing  lines  with  am 
less  than  0.03  cm'1  are  ignored.  We  have  chosen  to  include  lines  with  am  less  than  0.03 
cm’1  because  our  interest  lies  in  obtaining  the  true  absorbance  for  weakly  absorbing  lines 
at  high  temperature.  In  Table  1,  some  results  for  absorbance  ranges  are  not  reported  for 
optical  retardations  of  from  4  to  10  cm.  This  is  because  the  fit  of  Eq.  (3)  to  the  data 
generated  by  the  integration  of  Eq.  (1)  was  judqed  to  be  too  poor  to  be  of  use.  In 
general,  the  average  relative  error  (1/N{  |(Ap-Ap<1)  l/Apd),  where  Ap  is  the  value  obtained 
from  Eq.  (3),  is  the  value  input  into  Eq.  (1)  and  N  is  the  number  (>100)  of  points  used 
in  the  fit,  had  to  be  less  than  0.1  for  that  approximation  to  be  included  in  Table  1. 
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Tabls  1.  ViIum  of  ths  Coefficients  k,  1,  and  n  Uesd  to  Fit  Eq.  (1) 
fat  the  Taxi  to  Eq.  (3)  fat  tha  Test.  Standard  deviation*  fat  parenthesis. 


True 

Optical 

Absorbance 

Retardation 

Range 

(cm) 

In  k 

RMS  Deviation 
from  Actual 
Absorbance 


0.2 11  (.066) 

1.287(.004) 

1.208(.00S) 

0.011 

0.298(.008) 

1.227(.007) 

1.1 11(.007) 

0.02 

0.455(0.12) 

1.1 16(011) 

0.941(.011) 

0.011 

0.588(0.17) 

1.077(0.15) 

0.698(0.13) 

0.049 

0.611(0.18) 

1.0S6{0.16) 

0.616(0.13) 

0.052 

0.172(.008) 

1.703(.004) 

1.634(.011) 

0.027 

0.331(0.15) 

1 .661  (.028) 

1.S39(.027) 

0.068 

0.625(.022) 

1.571  (.066) 

1.301(.05R) 

0.161 

0.906(.02S) 

1.428(.106) 

0.927(.075) 

0.256 

0.956(.027) 

1.426(.l  10) 

0.835(.071) 

0.265 

0.122(.014) 

1.818(.014) 

1.748(.015) 

0.054 

0.326(.029) 

1.813(.041) 

1.665(.040) 

0.149 

0.748(.047) 

1 .734(.  1 1 0) 

1.375(.095) 

0.38 

1.1 13(.036) 

1.655(.178) 

0.982(.120) 

0.563 

0.045(.035) 

1.938(038) 

1.862(.037) 

0.089 

0.343(.1Q6) 

1 .908(.  1 43) 

1.724(.  133) 

0.322 

1.076(.159) 

1.419(.346) 

1.060(.269) 

0.756 

0.036(.046) 

1.980(.042) 

1.892(.042) 

0.162 

0.418(.144) 

r.966(.167) 

1 .731  (.  1 53) 

0.591 

1.255(.2 10) 

1.536(.400) 

1.073C.298) 

1.288 

For  all  ranges  of  values  of  Ap  used  in  the  integration  of  Eq.  (1),  the  average 
deviation  of  the  fitted  approximation  presented  here  was  superior  to  that  from  Reference 
3.  In  fairness,  the  authors  of  Reference  3  presented  their  approximation  without  derivation 
and  in  no  way  implied  it  to  be  valid  over  any  range  other  than  that  specified  in  the  paper. 
In  addition,  for  the  range  over  which  the  approximation  of  Reference  3  was  used,  that 
approximation  and  the  fitted  approximation  developed  here  are  in  good  agreement  (see 
Table  1). 
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IV.  CONCLUSION 


Vie  have  used  the  fitted  approximation  to  true  peak  absorbance  given  above  in 
calculations  on  data  obtained  from  FTIR  absorption  spectra  to  determine  rotational 
temperatures  of  CO  above  673  K  with  good  results.  In  this  case  the  correction  was 
applied  to  the  P  and  R  branches  of  CO  prior  to  fitting  the  peak  absorbances  to  a 
Boltzmann  distribution.  The  approximations  listed  above  provide  a  fast  and  reasonably 
accurate  way  of  determining  true  peak  absorbances  from  observed  peak  absorbances  at 
low  resolution  in  the  gas  phase  when  the  am  of  the  absorbing  line  is  known.  However, 
when  there  is  significant  overlap  of  lines,  such  as  for  a  O-branch  or  for  some  flame 
spectra,  more  accurate  methods  must  be  used.  Also,  to  our  knowledge,  the 
approximations  provide  the  first  fast  method  of  determining  true  peak  absorbances  of 
individual  absorption  lines  in  the  gas  phase  from  low  resolution  FTIR  spectra  for  which  the 
observed  peak  absorbance  is  small  (''■'0.1),  a  case  we  have  encountered  in  dealing  with 
absorptions  in  gases  from  levels  other  than  the  ground  vibrational  state. 
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Pentagon 

Washington,  DC  20301  -7  >00 

1  Commandant 
USAFAS 

ATTN:  ATSF-TSM-CN 

Fori  Sill,  OK  73503-5600 

1  F.J.  Seiler 

ATTN:  S.A.  Shackleford 

USAF  Academy,  CO  80840-6528 


8 


No.  of 


No.  of 

Copies  Organization  Copies  Organization 


1  University  of  Dayton  Research  Institute 
ATTN:  D.  Campbell 

AL/PAP 

Edwards  AFB,  CA  93523 
1  NASA 

Langley  Research  Center 
Langley  Station 

ATTN!  G.B.  Northam/MS  168 
Hampton,  VA  23365 


1  Batteile  Memorial  Institute 
Tactical  Technology  Center 
ATTN:  J.  Huggins 

505  King  Avenue 
Columbus,  OH  43201 

1  Cohen  Professional  Services 
ATTN:  N.S.  Cohen 

141  Channtng  Street 
Redlands,  CA  923:0 


4  National  Bureau  of  Standards 
ATTN:  J.  Hastie 

M.  Jacox 
T.  Kashiwagi 
K.  Semerjian 

US  Department  of  Commerce 
Washington,  DC  20234 

1  Aerojet  Solid  l-ropulsion  Co. 

ATLN:  P.  Micheli 

Sacramento,  GA  95813 

1  Applied  Combustion  Technology,  Inc. 

ATTN:  A  M  Varney 

P.O.  Box  17885 
Orlando,  FL  32860 

2  Applied  Mechanics  Reviews 
The  American  Society  of 

Mechanical  Engineers 
ATTN:  R.G.  White 

A.B.  Wenzel 
345  E.  47th  Street 
New  York,  NY  10017 

1  Atlantic  Research  Corp. 

ATTN:  M.K.  King 

5390  Cherokee  Avenue 
Alexandria,  VA  22314 


'  Exxon  Research  &  Eng.  Co. 
AtTN:  A  Dean 

Rome  22F 

Annandalc,  NJ  08801 

1  »  ord  Aerospace  and 

Communications  Corp. 
DIVAD  Division 
Div.  Hq.,  Irvine 
ATEN:  I).  Williams 

Main  Street  &  I-'ord  Road 
Newport  Beach,  CA  92663 

1  General  Applied  Science 
Laboratories,  Inc. 

77  Raynor  Avenue 
Ronkonkama,  NY  117/9-6649 

1  General  Electric  Armament 
&  Electrical  Systems 
ATTN:  MJ.  Bulman 

lakeside  Avenue 
Burlington,  VT  05401 

1  General  Electric  Ordnance 
Systems 

ATTN:  J  Mandzy 

100  Plastics  Avenue 
Pittsfield,  MA  01203 


1  Atlantic  Research  Corp. 
AT1N:  R.II.W  Wacschc 

7511  Wellington  Road 
Gainesville,  VA  22065 

1  AVCO  Everett  Research 
laboratory  Division 
ATTN:  D.  Stickler 

2385  Revere  Beach  Parkway 
Everett,  MA  02149 


2  General  Motors  Rsch  labs 
Physics  Department 
ATTN:  T.  Sloan 

R.  Tccts 
Warren,  MI  48090 

2  Hercules,  Inc. 

Allegheny  Ballistics  'xib. 
ATTN:  '  W'.li  Walkup 
1-..A.  Yount 
P.O.  Box  210 

Rocket  Center.  WV  2672(i 


y 


Organization 


No.  of 

Copies  Organization 

1  Honeywell,  Inc. 

Government  and  Aerospace 
Products 

ATTN:  D.E.  Broden/ 

MS  MN50-2000 
600  2nd  Street  NE 
Hopkins,  MN  55343 

1  Honeywell,  Inc. 

ATTN:  R  E.  Tompkins 

MN38-3300 

10400  Yellow  Circle  Drive 
Minnetonka,  MN  55343 

1  IBM  Corporation 
ATTN:  A.C.  Tam 

Research  Division 
5600  Cottle  Road 
San  Jose,  CA  95193 

1  IIT  Research  Institute 

ATTN:  R.F.  Rtrraly 

10  West  35th  Street 
Chicago,  IL  60616 

2  Director 
Lawrence  Livermore 

National  Laboratory 
ATTN:  C.  Westbrook 

M.  Costantino 
P.O.  Box  808 
Livermore,  CA  94550 

1  Lockheed  Missiles  &  Space  Co. 
ATTN:  George  Lo 

3251  Hanover  Street 
Dept.  52-35/B204/2 
Palo  Alto,  CA  94304 

1  Los  Alamos  National  Lab 
ATTN:  B.  Nichols 

T7,  MS-B284 
P.O.  Box  1663 
Los  Alamos,  NM  87545 

1  National  Science  Foundation 
ATTN:  A.B.  Harvey 

Washington,  DC  20550 

1  Olm  Corporation 

Smokeless  Powder  Operations 
ATTN:  V.  McDonald 

P.O.  Box  222 
St  Marks,  FL  32355 


No.  of 
Copies 

1  Paul  Gough  Associates,  Inc. 

ATTN:  P  S.  Gough 

1048  South  Street 
Portsmouth,  NH  03801-5423 

2  Princeton  Combustion 

Research  Laboratories,  Inc. 
ATTN:  M.  Summerfield 

N.A.  Messina 
475  US  Highway  One 
Monmouth  Junction,  NJ  08852 

1  Hughes  Aircraft  Company 
ATTN:  T.E.  Ward 

8433  Fallbrook  Avenue 
Canoga  Park,  CA  91303 

1  Rockwell  International  Corp. 
Rockctdyne  Division 
ATTN:  J.E.  Flanagan/111302 

6633  Canoga  Avenue 
Canoga  Park,  CA  91304 

4  Sandia  National  Laboratories 
Division  8354 
ATIN:  R.  Cattolica 

S.  Johnston 
P.  Ma'.tern 
D  Stephenson 
Livermore,  CA  94550 

I  Science  Applications,  Inc. 
ATTN:  R.B.  Edclman 

23146  Cumorah  Crest 
Woodland  Hills,  CA  91364 

3  SRI  International 

ATTN:  G.  Smith 

D.  Croslcy 
D.  Golden 

333  Ravcnswood  Avenue 
Menlo  Park,  CA  94025 

1  Stevens  Institute  of  Tech 
Davidson  laboratory 
AITN:  R.  McAlcvy,  Ill 

Hoboken,  NJ  070.30 

1  Thiokol  Corporation 
F.lkton  Division 
ATTN:  S.F.  Palopoli 

r.O.  Box  241 
Llkton,  MD  21921 
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No.  of 

Copies  Organization 


Organization 


1  Morton  Thiokol,  Inc. 

Huntsville  Division 
ATTN:  J.  Deur 

Huntsville,  AL  35807-7501 

3  Thiokol  Corporation 
Wasatch  Division 
A1TN:  SJ.  Bennett 

P.O.  Box  524 
Brigham  City,  UT  84302 

1  United  Technologies  Research  Center 
ATTN:  A.C.  Eckbreth 

East  Hanford,  CT  06108 

3  United  Technologies  Corp. 

Chemical  Systems  Division 
ATTN:  R.S.  Brown 

T.D.  Myers  (2  copies) 

P.O.  Box  49028 

San  Jose,  CA  95161-9028 

1  Universal  Propulsion  Company 
ATITS:  IU.  McSpadden 

Black  Canyon  Stage  1 
Box  1140 

Phoenix,  AZ  85029 

1  Vcritay  Technology.  Inc. 

ATPN:  E  B.  Fisher 

4845  Millcrsport  Highway 
P.O  Box  305 

East  Amherst,  NY  14051-0305 

1  Brigham  Young  University 
Dept,  of  Chemical  Engineering 
A'lTN:  M.W.  Bcckstcad 

Provo,  UT  84058 

1  California  Institute  of  Tech. 

Jet  Propulsion  laboratory 
ATTN:  I..  Strand/MS  512/102 

4800  Oak  Grove  Drive 
Pasadena,  CA  91009 

1  California  Invitutc  of 
Technology 

A'lTN:  EEC.  Cultck./ 

MC  301-46 
204  Karman  ah 
Pasadena,  (  •  9t  1  25 

1  University  u  California 
Ixas  Alamos  Scientific  lab 
P.O.  Box  1663,  Mail  Stop  I12H> 

I.os  Alamos,  NM  87545 


No.  of 
Copies 

1  University  of  California, 

San  Diego 

ATTN:  F  A.  Wtlliams 

AMES,  B010 
La  Jolla,  CA  92093 

2  University  of  California, 

Santa  Barbara 
Quantum  Institute 
ATTN:  K.  Schofield 

M.  Steinberg 

Santa  Barbara,  CA  93106 

1  University  of  Colorado  at 

Boulder 

Engineering  Center 
ATTN:  J.  Daily 

Campus  Box  427 
Boulder,  CO  80309-0427 

2  University  of  Souther. 1 

California 
Dept,  of  Chemistry 
ATTN:  S.  Benson 

C.  Wittig 

lx«  Angeles,  CA  90007 

1  Case  Western  Reserve  Umv. 
Div.  of  Aerospace  Sciences 
ATFN:  J.  'lien 

Clc velar  ,  OH  44135 

1  Cornel1  mvcrsity 

Depart;, ;e  .  Chemistry 
ATTN:  T.A.  Cool 

Baker  Laboratory 
Ithaca,  NY  14853 

1  University  of  Delaware 
ATFN:  T  Brill 

Cherr.  y  Detriment 
Newark,  DE  j  97 1 1 

1  University  of  Florida 
Dept,  of  Chemistry 
A  FIN:  J.  Wincfordncr 

Gainesville,  FI.  32611 

7  Georgia  Insutuic  of 
Technology 
Sthixil  of  Aerospace 
I  Engineering 
ATIN:  E.  Price 

W.C  Sirahlc 
H  I  Zinn 
Atlanta.  GA  70772 


1  1 


University  of  Illinois 
Dept,  of  Mech.  Eng. 

ATTN:  H.  Krier 

144MEB,  1206  W.  Green  St. 
Urbana,  IL  61801 

Johns  Hopkins  University/APL 
Chemical  Propulsion 
Information  Agency 
ATTN:  T.W.  Christian 

Johns  Hopkins  Road 
Laurel,  ML  20707 

University  of  Michigan 
Gas  Dynamics  Lab 
Aerospace  Engineering  Bldg. 
ATTN:  G.M.  Faeih 

Ann  Arbor,  MI  48109-2140 

University  of  Minnesota 
Dept,  of  Mechanical 
Engineering 
ATTN:  E.  Fletcher 

Minneapolis,  MN  55455 

Pennsj..ania  State  University 
Applied  Research  Laboratory 
ATTN:  K  K  Kuo 

H  Palmer 
M.  Micct 

University  Park,  PA  16802 

Pennsylvania  State  University 
Dept,  of  Mechanical  Engineering 
ATTN:  V.  Yang 

University  Park,  PA  16802 

Polytechnic  Institute  of  NY 
Graduate  Center 
ATTN:  S.  Lederman 

Route  110 

Farmingdale,  NY  11735 

Princeton  University 
Forrestal  Campus  Library 
ATTN:  K.  Brezinsky 

I.  Glassman 
P.O.  Box  710 
Princeton,  NJ  08540 

Purdue  University 
School  of  Aeronautics 
and  Astronautics 
ATTN:  J.R.  Osborn 

Grissom  Hall 

West  Lafayette,  IN  47906 


1  Purdue  University 

Department  of  Chemistry 
ATTN:  E.  Grant 

West  Lafayette,  IN  47906 

2  Purdue  University 
School  of  Mechanical 

Engineering 

ATTN:  N.M.  Laurendeau 

S.N.B.  Murthy 
TSPC  Chaffee  Hall 
West  Lafayette,  IN  47906 

1  Rensselaer  Polytechnic  Inst. 
Dept,  of  Chemical  Engineering 
ATTN:  A.  Fontijn 

Troy,  NY  12181 

1  Stanford  University 
Dept,  of  Mechanical 
Engineering 
ATTN:  R.  Hanson 

Stanford,  CA  94305 

1  University  of  Texas 
Dept,  of  Chemistry 
ATTN:  W.  Gardiner 

Austin,  TX  78712 

1  University  of  Utah 

Dept,  of  Chemical  Engineering 
ATTN :  G.  Flandro 

Salt  Lake  City,  UT  84112 

1  Virginia  Polytechnic 
Institute  and 
State  University 
ATTN:  J.A.  Schctz 

Blacksburg,  VA  24061 

1  Freedman  Associates 
ATTN:  E.  Freedman 

2411  Diana  Road 
Baltimore,  MD  21209-1525 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes. 
Your  comments/answers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  BRL  Report  Number  BRL-TR-3159 _ Date  of  Report  SEPTEMBER  1990 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest 

for  which  the  report  will  be  used.) _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  da»a,  procedure,  source 
of  ideas,  etc.) _ _ _ _ 


I 


5.  Has  tlfe  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars 
saved,  operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  clahoratc.  _ 


Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
chang«L»  organization,  technical  content,  format,  etc.) _ _ 


- — py - - - 

I  1  - 

Name 


CURRENT  Organization 

ADDRESS  _ ' _ 

Address 


City,  Date,  Zip  Code 

7.  It  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  New  or  Corrc-i 
Address  in  Block.  6  above  and  the  Old  or  Incorrect  address  below 


Name 


OLD  Organization 

ADDRLSS  _ 

Address 

City,  Slate,  Zip  Code 


l Remove  this  sheet,  loid  as  indicated,  staple  or  tape  closed,  and  mad  ) 


